ABSTRACT. This study investigated metal dynamics, and their bioavailability, before and after thermal pretreatment of olive mill solid waste (OMSW), using a sequential metal extraction scheme. The 11.5% increase of cobalt in the most available fraction after the pretreatment coupled to the increase of methane production rate have been a good indicator that the OMSW anaerobic digestion might be metal limited due to the lack of cobalt.
The aim of the present research was to study the bioavailability dynamics of the trace metals Fe, Co and Ni present in the OMSW before and after thermal pretreatment in order to determine its influence on the anaerobic digestion of this waste. Equilibrium speciation modeling and sequential metal extraction were used with the aim of studying metal fractioning and availability.
MATERIALS AND METHODS

Characterization of OMSW
The two-phase OMSW used in the present study was collected from the Experimental
Olive Oil Factory located in the ''Instituto de la Grasa (CSIC)'' of Sevilla, Spain.
Before to be used, the OMSW was sieved through a 2 mm mesh to remove olive stone The three studied metal shown a similar behaviour, within the same amount of sulfur anions, at 25 ºC most of the metal cations are found on a sulfide form, however at 180ºC most of the metals are found on a more bioavailable hydroxide form. It should be considered that this simulation might be significantly changed if the unknown organics present in the OMSW are taken into account in the initial conditions.
Sequential metal extraction 3.2.1. Iron
For untreated OMSW 86.85% of the iron was found in the residual fraction, being the major fraction (Fig. 1A) . It was followed by the reducible fraction (4.32%) and the exchangeable fraction (2.8%), being the oxidizable fraction the minority one with 1.74%.
For pretreated OMSW (Fig. 1B ) the majority fraction is again the residual one with 89.26%, followed by the interchangeable (3.47%), the reducible (2.75%) and finally the oxidizable fraction with 2.52%.
There is not significant change on the iron distribution for the untreated and pretreated OMSW. After pretreatment the percentages of the exchangeable and oxidizable fractions were slightly increased by 0.6% and 0.8%, respectively. The reducible fraction decreased by 1.57%, while the residual fraction was kept virtually constant. It is worth to mention the high percentage of iron remaining in the residual phase, iron was expected to be in major proportion in the oxidizable fraction where the organic material is removed and the associated metal released.
Nickel
For untreated OMSW, the residual fraction was the majority one (Fig. 1A) followed by the exchangeable and reducible fractions with 16.93% and 6.2% respectively, being in this case the oxidable fraction the minor one with 2.26%.
The same trend was observed for pretreated OMSW (Fig. 1B) . In this case, the residual fraction was the major one with 74.43% followed by the exchangeable and reducible fractions with 17.67% and 3.66% respectively, being the oxidizable fraction the minor one with only 2.24% of total.
There is not a significant change on the nickel distribution for the untreated and pretreated OMSW. After pretreatment the exchangeable and residual fractions increased by 0.74% and 1.82% respectively, while the reducible fraction decreased by 2.54%, keeping the oxidizable fraction virtually constant. Similar to iron, the residual fraction is the highest one.
Cobalt
For untreated OMSW (Fig. 1A ) the majority fraction of cobalt was the oxidizable one with 40.3%, followed by the exchangeable fraction (39.15%), reducible fraction (10.81%), representing the residual fraction the minor one (7.74%). Most of cobalt is mainly divided into two fractions: the exchangeable and the oxidizable one.
For pretreated OMSW (Fig. 1B) , the majority fraction is the exchangeable with 50.61%
followed by the oxidizable and reducible fractions with 40.9% and 4.34% respectively, being the residual fraction the minor one with 1.16%.
There is a significant change on cobalt distribution after pretreatment. There is a movement of cobalt to more available fractions, contrary to iron and nickel, which were 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 more related to the residual fraction. Cobalt is more related to the organic fraction, being more easily exchangeable after pretreatment as observed in the results, and therefore might be more available for microorganisms. 
CONCLUSIONS
No significant change in Ni and Fe (bio)availability after thermal pretreatment was observed. In the case of OMSW, anaerobic digestion is limited for lack of these metals, pretreatment does not clearly improve the accessibility of these metals. Increase of 11.5% cobalt in the exchangeable fraction coupled to the increase of methane 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 production rate after thermal pretreatment have been a good indicator that the anaerobic digestion might be metal limited due to the lack of essential cobalt. 
